Three (intact) Angus males and females that were half-sibs and born within 21 d of each other were selected for this study. Each animal was bled periodically from birth to slaughter (18 mo) to determine the qualitative composition of plasma lipoproteins and apolipoproteins during its growth and development. Major components observed were: 1) very lowdensity (VLDL), 2) lowdensity (LDL), and 3) highdensity lipoproteins (HDL).
Introduction
The use of ultracentrifugation has resolved four bovine lipoprotein fractions, although interpretations vary. Lipoproteins isolated at a density < 1.006 g/ml have been referred to as either chylomicrons (Wendlandt and Davis, 1973) or very lowdensity lipoproteins (VLDL; Raphael et al., 1973a, Stead and Welch, 1975 ties of 1.019 to 1.039 g/ml and 1.039 to 1.060 g/ml (Stead and Welch, 1975) . These fractions were similar to those prepared by Raphael et al. (1973a,b) , 1.006 to 1.040 g/ml and 1.040 to 1.063 g/ml.
Through ultracentrifugal studies of bovine serum, Jonas (1972) found the flotation behavior of the high density lipoproteins (HDL) to be quite distinct. In addition, Grummer (1983) found similar results using gel filtration techniques in which these molecules constitute about 80% (by weight) of the total lipoproteins of HDL (density 1.063 to 1.21 g/ml).
Information concerning changes that occur in lipoprotein metabolism during growth and development and factors or mechanisms that regulate metabolism is limited. Therefore, this study was designed to assess the compositional Alfalfa-bermuda hay, 6 to 7 mo of age; 40% concentratea. 7 to 12 mo of age %e balanced diets were formulated using alfalfa hay and steam-prucessed milo as the primary ingredients. As the bAt approximately 18 mo of age the animals were slaughtered.
concentrate level increased in the diet, mom milo and less alfalfa were used.
changes that occur in lipoproteins and apoproteins in relation to growth and development of bulls and heifers.
Materials and Methods
General. Three (intact) suckling Angus males and three suckling A n g u s females, which were half-sibs, were selected for this experiment. The animals were bled periodically from birth to slaughter (Table 1) . The animals were born within 21 d of each other (later part of October to middle of November). At this time the calves had ad libitum access to their mothers milk and the first bleeding occurred at the time the animals were suckling (2 mo of age). The second bleeding was done at 6 mo of age. The third bleeding occurred at 12 mo of age after the animals had been fed a 40% concentrate diet for approximately 5 mo.
At 15 mo of age the diet was increased to 90% concentrate and the fourth bleeding was made. The final bleeding occurred at slaughter time, at approximately 18 mo.
Blood Collection. Blood was drawn from the jugular vein before the morning feeding. During the suckling period, the calves had ad libitum access to their mother's milk, thus feeding occurred at any time during the day. The total amount of blood collected was 50 ml mixed with EDTA (2.6 mM) and the plasma was obtained immediately by centrifugation for 30 min at 7,000 rpm (6,000 x g)4. Ten milliliters was then removed and prepared for ultracentrifugation by raising the density of the plasma to 1.225 using KBr (.3517 @nil of plasma). Plasma were placed in an ultracentrifuge tube overlayered with a overlayer buffer (5 ml) that possessed a density of 1.225 g/ml (Scanu and Granda, 1966) . The samples were centrifuged in a type 30 rotor for 24 h at 15'C and 105,000 x g5. The top 2 ml containing the lipoprotein concentrate was then removed quantitatively. To avoid remixing the separated layers, the tubes were slightly tilted and the top lipoprotein layer was removed using a slow pipetting procedure with a long-tip Pasteur pipette.
Plasma Lipoprotein Profiles. Plasma lipoproteins were separated by ultracentrifugation and agarosecolumn chromatography (Rude1 et al., 1974) . The chromatography column of agarose gel of CL4B and 6B6 consisted of an internal diameter of 2.6 cm7 with a bed height of 100 cm, which was maintained at 4°C. A 2-ml volume of lipoprotein concentrate was applied to the column and eluted with a .15 M NaCl buffer (pH > 7.4) containing .01% EDTA and .02% Identification of the three regions was accom-plished by using a standard of VLDL, LDL, and HDL that was separated from plasma by sequential ultracentrifugation as described by Have1 et al. (1962) . The VLDL, LDL, and HDL regions were each concentrated to a volume of 2 ml using YM 30 filters in Amicon ultrafiltration stirredcells9 and stored in .050 M NaCl, .Ol% EDTA, .02% Na azide, pH 7.4.
One milliliter of lipoprotein concentrate received a protease inhibitor phenylmethylsulfonyl fluoridelo at a concentration of 100 pA4
and was stored at -70°C until apolipoprotein analysis was performed. The other 1-mI portion of lipoprotein was then assayed for protein, cholesterol, and triglycerides.
Analytical Procedures. The protein concentration of each lipoprotein was determined using the method of Lowry et al. (1951) . Cholesterol and triglyceride concentrations of VLDL, LDL, and HDL were determined enzymatically using analytical kits". No phospholipid values were reported because the assay procedure produced erroneous data. Apolipoproteins of each individual lipoprotein were partitioned by molecular weight using SDS-PAGE (7.5 to 20% acrylamide gradient; Laemmli, 1970) . In all instances, not enough VLDL was present to separate apolipoproteins; therefore, no VLDL apolipoproteins data are available. Because not enough LDL was available at each bleeding to allow proper apolipoprotein separation, a pooling of LDL from bleeding periods 1 to 2 and 3 to 4 was conducted. This made apolipoprotein separation of LDL possible. Up to 50 pg of LDL or HDL protein was applied to each gel in addition to a molecular weight standard12 and run simultaneously.
The protein migration bands were stained with .05% Coomassie blue. The apolipoproteins (A, B, C, and E) were identified by their apparent molecular weight compared to molecular weights standards. Three major peaks were observed that correspond to 1) VLDL, 2) LDL, and 3) HDL. The peak eluted after the HDL peak has been suggested to be albumin (Fem and Gleockler, 1979) . Adequate separation of VLDL from LDL was obtained, however, complete separation between LDL and HDL peaks was not achieved. Results of Grummer et al. (1983) were similar and they speculated this to be the presence of HDLl, a class of lipoprotein previously isolated by ultracentrifugation and characterized by Puppione et al. (1982) ,
Raphael (1973b), and Dryden et al. (1971).
However, the results of Grummer et al. (1983) indicate that the HDLl is not a separate entity but rather a combination of LDL and HDL.
Triglycerides, cholesterol, and protein concentration for each lipoprotein are presented within the lipoprotein class for the bleeding periods in Table 2 . No significant (P > .OS) difference in triglyceride content between the male or female in the very lowdensity fraction within each bleeding period was observed The largest triglyceride amount for males occurred at the fust bleeding interval (19.0'7 mg/dl), whereas for the females the fourth bleeding period was the highest (20.53 mddl). The smallest amount of triglyceride in the VLDL of the males and females was noted at bleeding time two with 5.53 mg/dl and 3.17 mg/dl, respectively. Similar nonsignificant (P > .05) tendencies between sexes prevailed at each bleeding interval for the triglyceride content in the LDL fraction. Triglyceride values were consistently lower in the LDL fraction than in the VLDL. This also was reported by Palmquist and Mattos (1978) , Stead and Welch (1975) , Dryden et al. (1971) , and Evans et al., (1961) .
The triglyceride content for the HDL function between sexes was not signifcant (P > .05) for the different bleeding times. At the fourth bleeding, triglycerides of both male and female groups had larger values in the VLDL and HDL than for all other bleeding intervals.
Cholesterol levels x sex within each bleeding showed no significant (P < .05) differences. The greatest amount of cholesterol was observed in the HDL fraction compared with VLDL and LDL. As suckling calves, the HDL cholesterol in males was 48.46 mg/dl, whereas that in females was 52.97 mg/dl. When the animals were weaned the cholesterol levels for both sexes doubled compared with suckling calf levels for the HDL fractions. During the finishing phase of growth, amounts of cholesterol in the HDL nearly doubled compared with weaning, except at the fifth bleeding when the cholesterol level for males declined.
Lipoprotein Componenfs of Males. Table 3 depicts least squares means for lipoprotein triglyceride, cholesterol, and protein content by bleeding time within males. In the VLDL fraction, triglyceride levels for the first and fourth bleeding periods were significantly (P < .05) higher than for the second bleeding period. The LDL fraction had the greatest (P c .05) triglyceride content in the first bleeding, whereas the HDL triglyceride was significantly (P e .05) different between the second and fourth bleeding.
The cholesterol content for the VLDL was highest at the first bleeding interval and significant (P < .OS) compared with bleeding times three, four, and five. The LDL cholesterol differences in between bleeding intervals were not significant (P > .OS). However, in the HDL fraction the first bleeding period had a significantly (P e .05) lower cholesterol value than the third and fourth bleeding intervals.
Protein differences (between bleeding times) for the VLDL fraction were not significant. In the LDL fraction protein content was significantly (P > .05) larger at the second bleeding than at the third and fifth bleedings. In addition, the HDL fraction protein content was significantly (P c .05) larger at the second bleeding in relation to the other bleedings. The LDL had intermediate amounts of cholesterol and protein with smaller amounts of triglyceride compared with the VLDL and HDL 
fractions. Similar results were reported by
Levy and M a r t i n (1971) . Jonas (1972) , and Stead and Welch (1975) for the LDL and HDL components; however, Raphael (1973a) found no triglyceride in the HDL fraction. Lipoprotein Components of Females. Table  4 list the least squares means for the lipoprotein components by bleeding period for females. Bleeding Period 2 had significantly (P < .OS) lower amounts of triglycerides (3.17 mg/dl) than bleeding intervals one and four, which were 12.27 and 20.53 mg/dl, respectively, in the VLDL fraction. The LDL had generally less triglyceride in all instances than the VLDL, and the largest amount was found during the first bleeding period, which was significantly (P < .05) higher than the fourth and fifth bleeding interval. In the HDL fraction, the only significant (P c .05) larger value for triglyceride content was noted at the During the first two bleeding periods, cholesterol differences were significantly (P < .05) higher in the VLDL and lower in the HDL fractions. The LDL cholesterol showed significantly (P < .05) smaller values during the last fourth period. b*c*dValues with different superscripts differ significantly (P < .05). two bleeding periods than in the first and second intervals. Protein concentrations were significantly (P < .05) larger at the third bleeding for the VLDL and smaller at the first bleeding for the HDL. The largest significant (P < .OS) value for protein content in the HDL was at the second bleeding, but no significant (P > .05) differences were noted for protein content in the LDL fraction between bleeding times.
Apolipoproteins. Figure 2 displays the HDL and albumin apolipoproteins for both groups of cattle at the first bleeding period. The apolipoprotein bands were identified by comparing their migration through the gel with that of purified proteins of known molecular weight12. Comparisons of profiles show that both male and female cattle have a distinct apolipoprotein with a weight of about 28,000 Da (apolipoprotein-A-I). A lower molecular weight apolipoprotein (11,OOO to 13,OOO Da) was also present on the electrophoretic SDS-PAGE gel.
At the second bleeding period, the HDL proteins were also separated by sex (Figure 3) . Again apolipoprotein-Ad was the major apolipoprotein in both sexes. Furthermore, a lower molecular weight band was also evident for both sexes at this time. However, for the final bleeding (Period 5), the HDL fraction possessed only the apolipoprotein-A-I component and no lower molecular weight staining band was present (Figure 4) .
The LDL fractions for each animal at the first and second bleedings were pooled by sex ( Figure 5 ). The LDL apoproteins showed a nonmigratable band at about 250,000 Da and an albumin band at 66,000 Da. A smaller molecular component was present at the 33,000-Da band. 
Dlscusslon
Considerable compositional variation was noted for the values of the lipoprotein components among the three animals in a group. The data clearly depict that triglycerides for the VLDL were greater when the animals were suckling calves and were 15 mo of age. This implies that during the suckling phase the milk diet provided a more affluent triglyceride complex. As the diet changed at weaning to a lower fat content, the proportion of triglyceride was reduced in the plasma VLDL. The reduction in the VLDL plasma triglyceride may be the result of increased peripheral uptake of triglycerides via enhanced lipoprotein lipase activity. At 15 mo of age, when the diet consisted of 90% concentrate, the large triglyeride values for the plasma VLDL could be either due to dietary influence or to a decrease in the lipoprotein lipase activity in various extrahepatic tissues. Plasma contained more cholesterol and protein in the HDL fraction. but it decreased in the VLDL as animals were growing. Similar results were reported by Forte et al. (1981) for cholesterol, whereas opposite results were reported for protein. The large amounts of protein and cholesterol in the HDL make it consistent with the observed high-density characteristic and as a vehicle for transporting cholesterol. In both groups of animals (male and female), triglycerides were the major component of the VLDL. Thus, the VLDL component is the main vehicle for transporting large quantities of triglycerides to peripheral tissues. At the fourth bleeding (15 mo), the plasma triglyceride content of the VLDL and HDL were higher, whereas the LDL content was lower than that of the other bleeding times. Protein differences (P < .05) between sexes for the various lipoproteins at various bleeding times were evident. At the thiid bleeding period, males had SignificantIy (P < .05) less protein than the females for the LDL and HDL fractions, and females displayed larger (P < .05) HDL protein at the fourth bleeding.
Thereafter, no additional significant (P < .05) differences between sexes were evident in the lipoprotein compositional components. In the HDL, the greater amounts of cholesterol and protein were apparent at final stages of growth and finishing than at the suckling stage. Forte et al. (1981) found that HDL of fetal, newborn, and mature animals showed decreasing protein content with increasing age, an opposite effect in comparison with this study even though cholesterol results were similar. According to the gel filtration and SDS-PAGE results presented, the apolipoprotein in HDL contains at least two protein components.
The main protein component seems to have a molecular weight of approximately 28,000 Da. In addition, a lower molecular weight protein was found to be from 11, OOO to 13,000 Da.
The higher molecular weight protein can be identified as apolipoprotein-A-I; however, the smaller weight protein is questionable as to whether it is apolipoprotein-E or apolipoprotein-C. This apolipoprotein was evident through the second bleeding period but not at the third bleeding period. Activator peptides for the lipoprotein lipase with the HDL class have demonstrated that a protein component of this lipoprotein class was a carboxy-terminal glutamate that promoted triglyceride hydrolysis by lipoprotein lipase (LaRosa et al., 1970) . It was suggested that as triglycerides are removed from the VLDL by the lipase, peptides shift to the lipoproteins in the highdensity range. It is therefore possible that the HDL present during the growth and develop mental stage could be the result of a change in HDL structure as a consequence of a change in diet from milk to roughages and concentrate. During the finishing phase of growth, the smaller molecular weight protein may not be necessary to facilitate the activation of lipoprotein lipase. In general, males tended to have less HDL than females based on concentration of protein. The cholesterol concentration of HDL was higher in the females. This was expected because of the relationship observed between men and women and HDL concentration. The primary effects of the sex hormones seem to be on the H D k estrogenic hormones cause a rise and androgenic hormones cause a decline in blood levels (%el and McCarthy, 1969) .
The LDL lipoproteins fraction was attained from pooling the first and second bleedings and pooling the third and fourth bleedings to provide ample amounts of LDL protein for SDS-PAGE. The LDL fraction contained the most protein that was unable to enter the 7.5 to 20% acrylamide gels used in this analysis. This protein may represent apolipoprotein-B, which in other species has a molecular weight too large to migrate into 10% acrylamide gels (Schaefer, 1978) . Apolipoprotein-B is the major apolipoprotein of mammalian LDL and has been shown in bovine serum in the ultracentrifugal subclasses of LDL (Puppione, 1978) . A lower molecular weight protein was also found in the p l e d first and second bleedings. A band from 31,000 to 34,000 Da was located in reference to the high molecuIar weight standard used in this gel. This may symbolize the apolipoprotein-E in the LDL with HDL, but this is only speculation. Raphael et al. (1973a) have demonstrated the association of LDL with an HDL (density = 1.006 to 1.063 g / d ) in lactating cattle. They showed no clear-cut division in this density interval (1.006 to 1.063 dml ) where these lipoproteins could be separated. Gnunmer et al. (1983) found that LDL, HDL1, and HDL had two proteins with molecular weights of 40,OOO to 55,000 D a In either case, the identity of these proteins in these fractions is really unknown, however, their presence in all three fractions suggests that they may be apolipoproteins rather than contaminating proteins.
lmplicatlons
In general, the separation of lipoprotein classes by a Combination of ultracentrifugation and agarose column chromatography provided a good and reliable method for separation and identification of bovine lipoproteins. In addition, compositional changes that occurred in the lipoproteins and apolipoproteins may be associated with the physiological mechanisms related to dietary changes that take place at weaning or during growth and development.
